Context: Sporadic pheochromocytomas are detected by clinical signs and symptoms, whereas pheochromocytomas in patients with a known hereditary predisposition for these tumors are detected by repetitive screening for catecholamine excess. Objective: To document the clinical, biochemical, and pathological differences between patients with sporadic pheochromocytomas, detected by signs and symptoms and patients with pheochromocytomas, detected by biochemical screening in established hereditary syndromes. Design: Retrospective follow-up study. Patients and methods: We included 60 consecutive patients diagnosed with pheochromocytoma (pheochromocytomas detected by signs and symptoms: nZ28 and pheochromocytomas detected by screening: nZ32) in our center. Results: Patients with pheochromocytomas detected by screening presented with less complaints of diaphoresis (P!0.01), palpitations (PZ0.01), paleness (PZ0.01), nausea (P!0.01), and vomiting (PZ0.01) compared with patients with symptomatic pheochromocytomas. Patients with pheochromocytomas detected by screening tended to be younger at the time of diagnosis (41G2 vs 47G3 years, PZ0.07). In addition, patients with pheochromocytomas detected by screening had significantly lower rates of 24-h urinary catecholamine excretion, and considerably smaller tumors (3.7G0.5 vs 7.3G0.7 cm, P!0.01). Conclusions: Pheochromocytomas detected by screening of patients with a hereditary predisposition have a much lower prevalence of signs and symptoms, lower catecholamine excess, and smaller tumors, compared with sporadic pheochromocytomas, detected by signs and symptoms. These data support the benefits of screening for pheochromocytomas in patients with hereditary syndromes predisposing for these tumors.
Introduction
Pheochromocytomas are rare neuroendocrine tumors derived from chromaffin tissue within the adrenal medulla (1) . In 12-24% of cases of an apparently sporadic presentation, a pheochromocytoma is caused by germline mutations in the von Hippel-Lindau gene (VHL), the RET gene (leading to MEN2), the neurofibromatosis type I gene (NF1), or one of the SDH genes encoding for subunits B, D, and C of mitochondrial succinate dehydrogenase (2) (3) (4) (5) (6) (7) (8) .
Sporadic pheochromocytomas are usually identified by signs and symptoms, including paroxysms of headache, sweating, palpitations, and hypertension resulting from the release of catecholamines from the tumor (9) . However, a substantial proportion of patients with pheochromocytomas do not have signs and/or symptoms, which carries the risk of unexpected lifethreatening catecholamine crises. Therefore, the advice is to screen patients with a known hereditary predisposition for the development of pheochromocytomas at regular intervals by the measurement of plasma levels and/or urinary catecholamine excretion rates (10) . In case a pheochromocytoma is detected, adrenalectomy is indicated after appropriate preoperative care (11) .
The benefits of screening may be intuitively reasonable, but these have not been formally tested. Therefore, we conducted a retrospective study comparing the data of patients with pheochromocytomas, detected by signs and symptoms and of patients with pheochromocytomas, detected by biochemical screening in hereditary syndromes. We compared signs and symptoms, biochemical parameters, (peri)operative outcome, and long-term results between these groups.
Patients and methods
We included 60 consecutive patients treated at our center between 1975 and 2008 by adrenalectomy for pheochromocytomas. The Leiden University Medical Center is a tertiary referral center for patients with pheochromocytomas. Of these 60 patients, 28 patients had sporadic pheochromocytoma, detected by signs and symptoms of catecholamine excess, whereas 32 patients had a pheochromocytoma detected by screening in subjects with a hereditary predisposition. Hereditary predisposition, which indicated the need for biochemical screening, was defined by a positive family history with phenotypic evidence of a syndrome, predisposing for pheochromocytomas, and/or the presence of germline mutations of the RET, VHL, NF1, or SDH genes respectively. Patients who presented with signs and symptoms, which resulted in the diagnosis and treatment of pheochromocytoma, were defined as having sporadic pheochromocytomas. In patients with hereditary pheochromocytomas, clinical follow-up and screening for catecholamine excess were performed at least every 2 years. In case of excessive catecholamine excretion, abdominal magnetic resonance imaging (MRI) and/or computed tomography (CT) scanning was performed.
One patient was incidentally diagnosed with a pheochromocytoma after CT scanning because of a rectal adenoma. The patient had no catecholaminerelated sign or symptom, an increased urinary excretion rate of catecholamines, and a 5.2-cm tumor in the right adrenal. Because the aim of the study was to compare the clinical features of patients with pheochromocytomas who present with tumor and/or catecholaminerelated signs or symptoms versus patients who are screened for pheochromocytoma, we could not classify this patient into one of these categories. Therefore, the patient was excluded from the study.
All patients were investigated at the outpatient clinic according to the structured clinical protocols, which were standard care. These included questions focused on tumor-and catecholamine-related signs and symptoms, measurement of blood pressure in the supine position, and after 5 min in upright position, in order to screen for orthostatic hypotension.
The diagnosis of pheochromocytoma was established by increased urinary excretion rates of catecholamines and/or their metabolites, and confirmed by pathological examination. Radiological evaluation was performed by (a combination of) ultrasonography, CT, MRI, and metaiodobenzylguanidine (MIBG) scanning.
Clinical, endocrinological, radiological, and (peri)operative data were available for all patients.
Prior to surgery, the patients were treated with a-receptor blocking drugs (doxazosin or phenoxybenzamine) titrated on orthostatic hypotension followed by b-blockade (propanolol) if necessary (pulse rate O70 bpm during a-blockade), and i.v. hydration with isotonic saline the day preceding the operation. Hemodynamic instability during surgery was defined as an episode of systolic arterial pressure above 160 mmHg and/or a mean arterial pressure !60 mmHg. All episodes were counted, and the total duration of hyper/hypotension was recorded. Complications occurring in the pre-, peri-, and postoperative periods were recorded. A diagnosis of malignancy was made in case of distant metastases and/or local recurrence. Recurrence was defined as the reappearance of the disease after eradication of the tumor had been confirmed by negative biochemical and imaging tests. The diameter of the tumor was determined on postoperative histopathology.
The study was an evaluation of routine patient care. According to the requirements of Dutch law, it was not necessary to obtain permission from the institutional ethical commission. Prior to germline mutation testing, informed consent was obtained from each patient.
The screening group comprised 32 patients, 17 with familial paraganglioma syndrome (16 with an SDHD mutation and 1 unknown), 12 with MEN2, 2 with NF, and 1 with VHL disease. In patients with familial paraganglioma syndrome, 14 patients presented with head and neck paragangliomas were screened for pheochromocytoma, 3 patients were referred for screening because an SDH mutation was found in a family member. In the MEN2 patient group, 11 patients were known with the disease and were screened for pheochromocytoma, and 1 patient was screened for pheochromocytoma after his son was diagnosed with MEN2 syndrome and was found to have a tumor. Both patients with NF were diagnosed with pheochromocytoma after they were screened for pheochromocytoma. One patient with a hemangioblastoma of the retina was referred to the department of endocrinology because of suspected VHL disease. During clinical assessment, he was found having a pheochromocytoma.
Assays
Excretion rates of epinephrine, norepinephrine, and dopamine in 24-h urine collections were quantified by reverse HPLC using electrochemical detector. Interand intra-assay coefficients of variations (CV) for epinephrine were 4.3-9.0% ranging from high to low levels. For norepinephrine, CV were 2.7-3.6%, and for dopamine, CV were 3.1-4.8%. Vanillylic mandelic acid (VMA) in urine was measured using HPLC with fluorometric detection with inter-and intra-assay CV of 2.4-9.1%. Reference ranges (expressed as mmol/24 h) obtained in healthy subjects was 0.06-0.47 for norepinephrine, !0.16 for epinephrine, 0.46-3.40 for dopamine and !30 for VMA (12) . In order to ascertain adequacy of collection, the urinary creatinine content was assessed as well. Urine samples were considered to be positive if 24-h urinary excretion of catecholamines exceeded the reference limit.
Statistical analysis
SPSS for windows version 16.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Patients were divided into sporadic and hereditary groups. Results are expressed as meansGS.E.M., unless otherwise specified. Independent sample t-tests and c 2 tests were used to compare the data obtained in patients screened for hereditary pheochromocytomas and those in patients with sporadic pheochromocytomas. A P value !0.05 was considered to represent a significant difference.
Results

Clinical characteristics
Patients with pheochromocytomas detected by biochemical screening, presented with significantly less complaints of diaphoresis, palpitations, paleness, nausea, vomiting, and a significantly lower prevalence of type 2 diabetes mellitus, significantly lower systolic blood pressure, and significantly lower mean arterial pressure compared with patients with pheochromocytomas detected by signs and symptoms ( Table 1 ). The classical triad of diaphoresis, palpitations, and headache were reported by only 5 of the 32 patients with pheochromocytomas detected by screening (16%) and by 11 of 28 patients (39%) with sporadic pheochromocytomas (PZ0.04 between both groups). Ten patients in the screening group (31%) had no tumor or catecholamine-related signs or symptoms. In addition, patients with pheochromocytomas detected by screening tended to be younger at the time of diagnosis.
The mean age of the hereditary paraganglioma patients was 46G3 years (range 25-65 years), 36G4 years (range 19-61 years) for the MEN2 patients, 27G11 years (16-38 years) for the NF patients, and 37 years for the patient with VHL disease.
Time between presentation and surgery was 81G28 days (meanGS.E.M.) in the sporadic group. Time between diagnosis of pheochromocytoma and surgery was 420G162 days (meanGS.E.M.) in the screening group. Patients in the screening group had been observed for an average duration of 8.4G1.5 years (meanGS.E.M). In the sporadic group, two patients were diagnosed with a hereditary syndrome after surgery.
One patient was diagnosed with MEN2 disease, and one patient was diagnosed with NF.
Biochemical results
All patients had increased 24-h urinary excretion rates of catecholamines and/or their O-methylated metabolites ((nor)epinephrine, dopamine, and/or VMA; Table 2 ). Patients with pheochromocytomas detected by biochemical screening had lower rates of urinary excretion of (nor)epinephrine, dopamine, and VMA than patients with sporadic pheochromocytomas.
MIBG scintigraphy
In 40 patients with 44 pheochromocytomas, additional 123 MIBG scanning was performed. Overall, 35 of 44 (80%) adrenal tumors showed increased uptake. Patient-based sensitivity of MIBG scanning was 77% in the screening group and 86% in the sporadic group. MIBG uptake was increased in 7/7 of MEN2, 12/16 PGL patients, and 1/2 of NF patients. No increased uptake was shown in the patient with VHL disease. Tumors of patients with a positive MIBG scan tended to be larger than in the patients with a negative scan (3.4G0.6 vs 2.5G0.7 cm; PZ0.08). 
Intra-and postoperative events
Laparoscopic surgery was performed in 18% of patients in the sporadic group versus 59% of patients in the screening group. Open surgery was performed in 82% of patients in the sporadic group versus 41% of patients in the screening group. There was no difference in the number of complications between the patients treated with laparoscopic surgery versus open surgery (PZ1.00). There were no differences in the duration of surgery, blood loss, and hemodynamic instability between the two groups (Table 3) . Adverse intraoperative events or complications occurred in nine patients in the group detected by screening and in 11 patients in the sporadic group (NS). There were no perioperative deaths or cardiovascular events.
Pathology
In the patients with pheochromocytomas detected by screening, 8 patients (25%) had a pheochromocytoma in the right adrenal gland, 18 patients (56%) had a pheochromocytoma in the left adrenal gland, and 6 patients (19%) had bilateral pheochromocytomas. In the sporadic group, 16 of the 28 patients had a pheochromocytoma located in the right adrenal gland (57%), and 10 patients had a pheochromocytoma located in the left adrenal gland (36%), whereas there was a bilateral pheochromocytoma in two patients (7%). Pheochromocytomas in the sporadic group were significantly larger compared with the hereditary group (7.3G0.7 vs 3.7G0.5 cm, P!0.01). One patient in the sporadic group had a malignant tumor, reflected by metastatic disease.
Long-term follow-up
Mean follow-up time was 7.5G1.4 years in the patients with pheochromocytomas detected by screening and 7.8G1.4 years in the patients with sporadic pheochromocytomas. In the patients with pheochromocytomas detected by screening, six patients (five with MEN 2A and one with hereditary paragangliomas) developed a pheochromocytoma in the opposite adrenal gland, but none developed metastatic or locally recurrent disease. In the patients with sporadic pheochromocytomas, one patient developed a second pheochromocytoma, one patient developed metastatic disease, and one patient developed local recurrence and metastases. In the sporadic group, two patients died of nontumor-related conditions, whereas the cause of death was unknown in one other patient.
Discussion
We compared the differences between patients with pheochromocytomas detected by biochemical screening in hereditary syndromes predisposing for pheochromocytomas and patients with sporadic pheochromocytomas (patients with incidentalomas were excluded). Our study clearly shows that patients screened for pheochromocytoma because of a hereditary predisposition presented with less signs and symptoms, lower urinary excretion rates of catecholamines, and smaller tumors than patients presenting with symptomatic pheochromocytomas.
The patients with pheochromocytomas detected by screening had significantly less pheochromocytomarelated complaints. This can be explained by the fact 
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www.eje-online.org that these pheochromocytomas were found at an earlier stage when the tumor is smaller and produces less catecholamines. Our data is in line with those of Pomares et al., (13) who compared patients with sporadic pheochromocytomas and patients with pheochromocytomas caused by the MEN 2A syndrome. They reported similar differences in age at presentation, clinical signs and symptoms, radiological findings, and unilateral pheochromocytomas versus bilateral pheochromocytomas (13) . We included patients with pheochromocytomas detected by screening for several hereditary syndromes predisposing to pheochromocytomas (MEN 2A syndrome, NF1, VHL disease, and familial paraganglioma syndrome) and patients presenting with sporadic pheochromocytomas. In the patients with pheochromocytomas detected by screening, the age at presentation was 6 years younger than in the sporadic group, which might reflect a benefit of screening and/or earlier development of pheochromocytoma in patients with hereditary disease. The ages of the patients with SDHD-related pheochromocytoma found in our study are higher compared with the mean ages reported in the literature. This difference can be explained by the fact that the other studies included children in their studies (2, 4, 14) . The mean ages of the patients with MEN2, VHL, and NF included in our study are comparable with those reported in the literature (4, 6, 13, 15, 16) . The higher age range of our hereditary paraganglioma patients increases the mean age of the hereditary patient group in total. All our patients had increased urinary catecholamine excretion. In the patients with pheochromocytomas detected by screening, the mean excretion rates of (nor)epinephrine were significantly lower compared with patients with sporadic pheochromocytomas. In accordance with the study of Eisenhofer et al., (15) who documented a positive relation between the size of the pheochromocytoma and urinary catecholamine excretion, the patients with the sporadic pheochromocytomas had larger pheochromocytomas and higher urinary excretion rates of catecholamines.
The reported sensitivity and specificity of MIBG scanning in patients with (suspected) pheochromocytoma range from 80 to 100% (17) (18) (19) (20) (21) (22) . MIBG uptake correlates with the production of catecholamines (18) . The detection rate of MIBG scanning in the screening group was lower because of the smaller tumors and the lower biochemical activity.
Despite these differences in biochemical activity and the sizes of the pheochromocytomas, there were no differences between both groups in perioperative complications. There were no perioperative deaths, or cardiovascular events. This was probably related to careful pre-and (peri)operative care with careful titration of a-and b-blocking drugs. Patients in the screening group were treated more often with laparoscopic surgery. The differences in the method of operation resulted from differences in tumor diameter (larger in the sporadic group) and because of the innovation with regard to operation technique during the decades. Despite the differences in operation technique, the number of complications were not different between the patients treated with laparoscopic surgery versus open surgery.
Long-term follow-up revealed additional manifestations of disease in both groups of patients. In the patients with a documented hereditary predisposition, several patients developed an additional pheochromocytoma in the contralateral adrenal gland, especially in the case of MEN 2A syndrome (5) . In the sporadic group, there were several patients with malignant pheochromocytomas. Therefore, long-term follow-up seems to be warranted in all pheochromocytoma patients, irrespective of initial presentation.
The sporadic group also contained patients with germline mutations predisposing to the development of pheochromocytomas, which were detected by signs and symptoms because they had not been identified previously by prior knowledge of the predisposing hereditary syndrome. However, this does not invalidate our conclusions, because we report the benefits of screening, once this genetic predisposition has been documented.
Because the aim of the study was to compare the clinical features of patients with pheochromocytoma who present with tumor and/or catecholamine-related signs or symptoms versus patients who are screened for pheochromoctyoma, we excluded patients who presented with an incidentaloma. Studies comparing the clinical features of patients with incidentalomas versus patients who presented with adrenergic symptoms reported less catecholamine-related signs and symptoms, lower plasma catecholamines concentrations, similar tumor size, and an older age at presentation in the patient group with incidentalomas (23) (24) (25) . Because patients with incidentalomas were excluded from the sporadic group in our study, the reported signs and symptoms, the mean urinary catecholamine excretion rate, and the mean age at presentation found in our study might be different compared with studies that included patients with incidentalomas.
Patients at risk for developing a pheochromocytoma should be regularly screened. The diagnostic test of choice is the measurement of fractionated plasma and/or urinary metanephrines (26) . Patients with a SDHx mutation, MEN2 disease, or VHL disease are advised to be screened for pheochromocytoma annually. In case of increased plasma/urinary catecholamines or their metabolites, additional radiological investigation should be performed to identify the culprit lesion (2, 6, 13, 27) . The prevalence of pheochromocytoma is quite low in patients with NF, and therefore, screening is not recommended in all patients, but it may be justified in those patients with NF with hypertension, or in those patients who will undergo provocative interventions, such as surgery or pregnancy (7) . Children who are predisposed to the development of a pheochromocytoma should be screened annually. The age of initial screening should be determined by the specific gene mutation (28) .
In conclusion, screening for pheochromocytomas in patients with a hereditary predisposition for these tumors was associated with a much lower prevalence of signs and symptoms, lower values of catecholamine excess, and smaller tumors, compared with sporadic pheochromocytomas, detected by signs and symptoms. This observational study supports the usefulness of a screening program for pheochromocytomas in subjects with hereditary predispositions. In addition, we recommend lifelong follow-up of all patients with pheochromocytomas, irrespective of the initial manifestation, because of the risk of developing a new tumor, recurrent or metastatic disease.
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